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APSl 'KALT OF. TJl Li 1)1 SCLOSIIPE 
Ati »1ectro<le device I'or electrical ty he«i.ijj£ underground 
deposits of hydrocarbons such as oil .saud or oil shnlov P Jural 
well pipe sections are joined through i.nr.ulated pipe joints with 
an electrode coimeCted through one of the iri.sitlat.sd pipe joints 
to a lower out of the- pipe sections. Each of the insula Lod pipy 
joints includes a first tubular member having a flange portion 
at taie end thereof, a second tabular member having a cap portion, 
at one end which is received in the f 3 an go portion of the first 
tubular member with a gap th.ere-betvreen, and an insulating member 
disposed in the gay for hermetically coupling the first and 
second tubular members. 2nd for GlactricAlly ipsutat j/ng first 
and second tubular m ambers from one another. 



BLlttTROOE DEVICE TOR KiiSCTRICALLY HEATING 
UNJMiKUROUUD DEPOSITS OF HYDKOCAURQNS 

BACKGROUND OF THE INVENTION 
The present Invention relates to an electric device 
used to electrically heat unc" or ground deposits of hydrocarbons r 
More specifically, the present invention relates t€ an electrode 
5 de-vice which is used to supply eloctrica.l power to an underground 
deposit thereby to heat the hydro carbons present in the deposit 
to cause them to have a .Hpi^r viscosity and hiyfier fMdity in order 
to more easily remove' there from tha velJ . 

Tho term ''hydrocarbons" as used hereinafter means 
10 • petToleum or oil, bitumen contained in. oil sand [also called 

"tar sand 11 ) and kerogen contained in oil shale * These will all 
be referred to as 4i oil M for simplicity. 

If the oil in the underground deposit has sufficient 
fluidity, it is possible to extract the oil through the well 
15 fcithor by gas pressure coexisting i* the oil layer or by forcing 
a liquid such »s brine into one well to forco the oil to flow 
out of another well. Hotfcwer, should the- underground oil havo. 
low fluidity, it cannot be extracted until the oil is made mora 
fluid. K general method of making the oil fluid is to heat the 
ZD oil thereby to lowtsr the viscosity of the oil. The temperature 
suitable for this is different for different types- of oil. 

TheTe have hoen. proposed as oil layer heating method's 

i\ J : 

iw — * , 

I 

? 
i 
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the injection of hot water or water vapors at a high temperature 
under a high pressure, supplying electrical power to the 
underground deposit, underground combustion in which the under- 
ground oil layer is ignited with a supply of air so that it may 
S be burned, and the jise of explosives. The last two methods are 
difficult to control sq that they are pot in gonoral "use. 

According to the method of injecting the hot water or 
water vapor at a high tempera turo and under a high pressure, 
the oil layer is heated to enhance the fluidity of tho oil to 

10 * cause the fluid oil to flow out to the ground surface. If, how- 
ever , some regions of the oil deposit have a low resistance tD * 
the flow of hot water or water vapors or there are voids in the 
oil layer, the water or vapors may collect In these regions and 
fail no diffuse throughout the whole layer. )'3oreover 7 if tho 

15 oil layer is solid and dense f the hot Tester qt i±a vapors will 
again not diffuse so that the oil layer cannot be heated. 

Heating by the supply of electrical power is performed 
by drilling a plurality of v/olls in tho oil layer and "by establish 
ing potential differences between electrodes disposed in the 

20 wells so that the oil layer is heated by its resistance to tho 
electrical current which flo^s therethrough* This technique Is 
advantageous in that the oil layer can be vholly haatad with ease 
even if it has voids or is solid and dense. However, another 
device is required for pumping up.: the fluid oil, 

25 For improving the oil producing efficiency, there has 
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further been proposed a method which includes a first Step of 
heating the oii lay or by electrical resistance heating and a step 
of inj ecting hot water or water vapors tit a high temperature and 
under a high pressure when the oil layer becomes svft while con- 

S tinning the heatirfg sd thHt the resultant fluid ail may He pumped 
o\it r In order Co efficiently heat the oil layer > tho aiBctroOe 
device must be sufficiently electrically Insulated that the leak- 
age of electrically current into underground port tons -other than 
the oil layer is avoided as much as possible. Tha electrode de- 
vies 5..s also required to be tiiibrcKk&hl& with respect to the under- 
ground soil pressure, the pressure of the vapors which are gener- 
ated by the heating operation, and the pressure of injected hot 
v. r ater or hot high pressure water vapors. The electrode device 
Is further required to be free from loakagu of hot water or hot 

15 high pressure water vapors. 

tn order to explain, the electrode device of this general 
type more fully, an example in which the oil is oxtractad from 
oil sand will be described. 

Oil sand, also called "tar sand", is present in large 

20 quantities in Canada, Venezuela and the United States. 

The oil in the oil sand is typically mixed with brine between * 
sands in de-posits. Moreover, it typically has such a 
remarkably high viscosity that it has essentially no fluidity 
in its natural state. A deposit of the oil sand may be 

IS partially Exposed in a valley or at the banks of 
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1 a river bat Hi ™>st often located entirely underground at a 

rtopth.of 200 to 500 m wWTe having a thickness of several tens 
o£. meters, toue to consideration of economy and TOviroiroeiifcfcl pro- 
tection , it is necessary to separate out the oil underground and 
to extract only the oil from the well, lloreoyor, since the 
extraction of oil. trom a shallow under ground layer is accompanied 
by a danger of subsided©*, it: is desirable to extract oil only 
£rosn underground layers lying deeper than 300 jh. 

Further aspects of the background o± the Invention and 
10 the Invention oX the present application &re deKcribed with 
the assistance of the accompanying drawings lis" which t 

l-'ig. 1 ia & schematic sectionai view showing a 
conventional prior art installation of the corner al type with 
vhich the invention is utilised? 

irig + 2 is a cross-sectional, view of an insula tad pipe 

3oint of tha invention; 

Fig* 3 is a oro»s- a actional view showing Bevor»l joined 
pipe sections, an electrode and insula fced pipe joints in accordance 
vith the inventions and 
20 Pigs". 4-7 are a" scries of cross-sectional views 

illustrating the use of. insulating coating in accordance With 

the invention - 

Fig. 1 illustrates the heating of an oil &and layer, 
by electrodes couplud to a power supply, in J?ig* - 1 * reference 
numerals 1 and 11 indicate main guide pipes made of steel, 2 
and- 12 indicate- Insulators joined to the main guide pipes 1 and 

11, 3 and 13 indicate electrode** soined to the insvlators 2 and 

12, perforations axe formed irj the electrodes 3 and 13, and 4 and 
14 indicate cables for feeding an electric: currant to the ele- 

30 cti-odos 3 and 11. This assembly ia hereinafter called together: the 
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Vlcci-rocSe device". Refex"ei>of? numeral S in^icat*^ a power 
acvurcc, 6 irxctS.catftf? an oil 3cji\d leyer, 7 indicate:; an olootric 
current Having bet-ween the el.er.trodp.s 3 and 3.3, B indicates the 
grouucS BurfucG, 9 indicates an overburden layer,, and 10 in- 
dicates a layer below the nil sancl layer. 

When a voltayc is applied to the electrodes 3 and 
13 which arc buried in the Oil Rancf lay or 6 from the i>OWer 
sourrE 5 through the cables 4 and 14, tho our rent 7 flows in 
accordance with tho electric res I $ Unnct* of the oil sand layer 
6 as a result 
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of which the oil sand layer 6 is heated by Joule or resistance; 
heating. Although T the cuxrent 7 paztSally flows into Cho over- 
burdsn. layer & and the layer 10, the leakage is maintained at a 
low level because the insulators 2 apd 12 are interposed between 
the main guida pipes 1 and ll and tha elect rodDs 5 and IS. After 
the oil sand layer 6 lias been warmed, the power supply is inter- 
rupted. Hot water qt water vapors at a high temperature under 
a high pressure are then force* from the upper inlet" of One m»in 
guide pipe 1 of the electrode device and flaw through the oil 
sand layer 6 until they come out of the other main guide pipe ■ 
11 carrying the oil r m order to improve the flow rates of the 
hot water or the hot pressure water vapors 7 perforations are 
formed in the electrodes S and 13. 

Since the upper portions of the insulators 2 and 12 
are connected to the main guide pi^e-s 1 and 11 and the lower 
portions are connected with tha electrodes 3 and 13, a down- 
ward tensile str&FR is always applied to the insulators. Mote- 
over* since tha amenably 1:271 be at a temperature as hi^h as 
2S0*C to 300 d C, the insulators should bd ahle to withstand such 
temperatures . Also, since the* insulators 2 and 12 are buried 
underground as deep as several hundred maters with the electrodes 
i and 13 suspended £rom their Lover ends with the upper ends 
thare-of connected to the main guide pipes 2 and 12 , the insulators 
Z and 12 will almost certainly contact or collide with the well 
walls whilp they arc lowered into the well. Because of the 



groat total weight, any slight contact will impose a hi^h sutichi- 
nical impact upon the insulators 2 and 12, Therefor*, the 
insulators 2 aad 12 arc T&quired to be able to *fithstand anticipated 
levels of mechanical impact.. 

5 In an electrode device which hpats on oil sand layer 

when it Is supplied uitti an electric current, a major problem is 
that the olcctrit resistance in t&e oil sand layer is approximately 
equal to the overbtrrden layer. Since these electric resistances 
differ depending on place and conditions, they eamiol generally 

Iti be precisely stated. Huwovur, average values are IDlM-m for 

the oil sand layer and 100-150*2-m Tor the overburden layer, As a 
result, ii" an electric current is supplied to ttfo electrode devices 
which are constructed by connecting electrodes to guide pipes m&de 
of steel pipes and by disposing those electrodes in the oil sand 

IS layer, raOiSt of the cxirrent will he Consumod in the avCxrmrdcn 
layer. In order to avoid this problem, it is necessary either 
to cover the surfaces of the guide pipes with, an insulating coating 
or to Insulate the electrodes from the guide pipes. 

Various attempts haire been made to provide insulators 

20 uM-ch satisfy the aforerae tuioned requirements. In one such 

attempt* flanged tubular members iuade of metal arB coated v*ith 

an organic i-esin which provides a high resistance to hcztt* An 

appropriate Material is poly tetraf luoroethylentj resin (fux example 

"Teflon™" -which is trade name of <3u ?Diit) . with this 
> 

25 tjonstruction, insulating momboxs are provided ichicb are 

satisfactory in their ability to withstand a suspending load 
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and mechanical impact forces. However, it hn_s proved quite diffi- 
cult tg coat the flan^a portions satisfactory with The insulat- 
ing material. *tor aover, even if satisfactory insulating char- 
acteristics are provided at room toraperatyre, the insulating 
5 coating has a tendency to separata, especially around tho flange 
portions , due to repeated bhermal expansion and contraction 
such hs is typically encountered in normal operating conditions. 
If the insulation coating is brokon or caused to flake off, the 
insulators thus* produced become useless, 

10 Tn & second attempt, porcelain material has been used 

for forming the insulators, Howevor, It is cilso necessary in 
constructing the Snsulators to take into account the requirement 
foi providing water and oil tight characteristics with respect 
to the connection between the main guide pipes 1 and J.l and the 

IS fcloctTodes 5 and 13 as fc'Bll as between the insulating member. 
I'ho connection has generally been made by shrink fitting metal 
pipes on the outer peripheral surface of tht* porcelain pipe and 
then connected with other metal pipes ordinary techniques such 
as welding or detachment with hnl.ts* With this construction, 

20 although the wall or oil ti^ht characteristics may be acceptable 
at room temperature > the strength of the shrink- fitted joints 
tends to drop as the temperature is increased sq that the abi- 
lity to support the suspended load is correspondingly lowered. 
Moreover r breakage of the porcelain may taken place as a result 

25 of the stress imposed upon the leading end portions of th-e shrink- 
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fitted areas, tfn older to eliminate such drawback , there has 
been proponed thy use of a porcelain plj>e having ends formed 
as flange portions with the flang» portions fastened to metal 
pipes with packings interposed between the contact surfaces. 
5 With this const ruction, the above- stated requirements 3 re met 
at room temperature. However, the water arid oil tight scaling 
tends to deteriorate upon repeated thermal Gxpaiision and con- 
traction. Moreover, porcelain -intrinsically lacks strength 
against mechanical impact forces. Thus, it has a high tendency 

10 to be broken by a. machanical impact force such as is ordinarily 
encountered while tho assembly is lowered through tht> well. 
Thus, the provision, of a porcelain insulator suffers from the 
unavoidable defect that there is a high tendency of breakage. 

Vet further, insulators foimod of organic polymeric 

IS compounds have fceen proposed. Although such compounds may have 
a high strength at room temperature and me nuite good electrical 
insulators, most of the compounds of this general class are not 
particularly heat resistant. Spec? f i tally, very few compounds 
of this, type axe known which are resistant to hot watoi* or t/atcr 
vapor at high temperature and under high pressure* 
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SUMMARY OF TUP , JWVE N rjp» 
In accordance with the invention, there is provided 
an electrode device fnr el.ectricsny heating underground deposits 
of hydro carbons including a plurality of well pine sections , 
5 an electrode adapted to be disposed in an underground deposit 

of hydrocarbons for supplying on electric current to The under- 
ground deposits, a plurality of insulating pipt* ji>ints exch 
Including a fir*t tubular member having a flange port ion at one 
end thereof, a second tubul3r member having a cop portion at 

10 one end thereof adapted to be received in the flange portion 

of the first tubular mgrtibQT with a gap therebetween and an lti- 
sulating member disposed \n the gap between the flange poxtion 
and the cap portion for hermetically coupling the first and 
second tubular members while electrically insulating them from 

IS On a another and with the insulating pipe joints heing us art to 

couple at Xeast some of the pipe section^ together a.nd the elec- 
trode to one of the pipe sections, and a cable connected to the 
electrode for supplying an electric current thereto. 

At least some of the Insulating pipe joints can ho 

20 interconnected. The insulating member of each of the insulated 
pipe joints includes a first Insulating portion disposed in the 
gap bett/etsii the flange portion in the tup portion and second 
insulating portions disposed aoVja-cent inner and outer surfaces 
of the tubular members with the first and seoond insulating por- 

25 tions being formed integrally with each other. Preferably, the 
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1 insula bing member of parch of. thfi in &u Lattiil pipe .joititti in jwado 
of a glass -mica woldln^ formed Crom yxwders of. r qla.fi p. and mica. 
An insulating coating way be provided on at leafct a portion of 
the outer ^urHace of the insulated pipe joints. This coatiin.g 
ra&y be a re a in" o J: polytfctruf luoroutuylwiu , a resin of dipljonyl 
oxida. >loreOvor r a protective layer of insulation can foe 
proyifSed aroyn<t at least a portion of the* in mil a ting con ting* 
Vhe protective layer may be an inexpensive material auch as 
polyethylene, polypropylene or polyvinyl chloride. 
10 Further objects and advantages of the invention will 

appear froio the following description t&kcn together with the 
accompanied drawing. 

PESCftXVTXON Ofr gflE gREP-EBKSP EWODrWEOTa. 

in accordtmcfc with the invention, there ic provided 
an Blectrical heating electrode device which is entirely free of 
the: above-mentioned dravbaefcs* A preferred embodiment of 
the Gtlttctrodo device of the Invention vill foe described in detail, 
first with raltertince to Fig. 2 which shews. & cross- sectional 
view of an insulated pips joint 21 vfhieh is utilised v?it.h the 
20 electrode device Of the invention. 

The pipe -joint generally designated 21 in Figure 2 
comprises four basic elements; 

a fir&t tubular member 72 , a second tabular member 33 r 
a cylindrical sleeve- like, eovsr member 29 , and an insulating 
m&mber 35. 

'fhe fir at tubular jr.ojufoer 22 comprises a cylindrical 
tubular portion 23 with a radially outvurdiy extending flange 
portion 2 A at a luwer en J ae shown. 

The second tubular member 33 comprised a cylindrical 

30 

tubular portion 30 with a radially outwardly extending hub portion 
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I 25 at an upper entf ^0 ^liO^ri. The intoxior diameter of tubular 
portion 30 of th£ suLonci tubular ]iffimbex 33 n.3 ehovn identical 
to the interior diameter ot tubular portion 23 of the first 
tubular irfltiirtbur 22- 

Hub portion 2f> of thft 2nd tubular member 33 is provided 
with an internal annular recess 31 a& shown. Huh portion 2 5 
is also provided with external thread b 32 which znate with 
threads 29 .on cover member 29 to be described, 

Sleeve -like cover member 29 comprise is a cylindrical, 

to tubular, tirum-like portion 26 with, internal threads. 28 at one. 

lOVor find as shown in Figure 2 and a, ra.&n.al3y inwardly extending 
tap portion 27 at the other upper ei^d, A? shovm, tabular portion 
2fc has a Iftrgor internal diameter that the extexnal diameter 
Of flange portion 24 of the first tubular member 22 bo as to 
provide a gap therebetween to be occupied by 1 11 sul aiding member 
33, Cap portion 27 of eoyar m&mbar 29 has an internal diameter 
larger than the external diameter of tubular portion 23 o£ the 
xirs-fc tubular member 22 so as to form a <fap therebetween. The in- 
ternal diameter of cap portion 27 is sioallex than the external 

20 dieanottii* of flsnuju portion 24 of ths first tabular member 22. 

Preferably the tirst tubular member 22, second tubular 
member 33 and cover member 2& are made .froio steel. 

Xnaulatiag member 35 includes an ou.fcex -ciroumf erentially 
insulating portion 36 which surrounds external eu^iaoea of 
tubular portion 2? of firat tubular .member 22 and ait inner cir- 
cs umfere a ti ally insulating portion 37 which I its inside the internal 
annular recesa 31 of hub portion IS d± the second tubular member 
33. The inner insula ting portion 37 has the* same internal 
diameter as that of tubular portion 30 of the Recovui tubular raemiber 

30 33, ab ioay be B&en, insulating jnembgr 35 comprlfi&s an integral 
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j mcwbesr extending tram portion 36 thereof to portion 37 thereof,, 
integral insulating member 35 thus spaces surf cures or* the fir:;t 
tubu.lar member 22 from snrfacrftR, of second tubular member 33 and 
cover iiiojftbcr 29 by a gap occupied as seen in figure 2 by insula tiny 
member 35* Insulating mp.mber 35 insulates first tubttiax member 
22 from COSltact With second tubular member 33 and cover member 

Wxth cover (tiemJber 29 screwed down onto second tubular 
mambtir 33 as shown in Figure 3, flange portion 24 of first, tubular 
10 member as -encased by insulating member 35 ia sandwiched between 
cover meiobcr 73 and the u^per end of hub portion 25 of the 
second tubular member 33 , whereby insulating member 35 way form 
js hormatie ^eal batwecw first tubular meenbex 22 and second tubular 
member 33, 

By screwing cover member 29 onto, second tubular 
member 33, first tubular mowbor 22 may be firmly, sealahly coupled 
to second tubular member 33 yet insulatively isolstsrt. t-Vie.refrom. 

in assembly, first tubular portion 2.2 may inserted 
through cover member 29 following which cover member 2J> may be 
20 screwed iJnfcO second tubular portion 33. Tll£. insulating member 
35 may be ss&n to occupy a gap between the first tubular member 
22 and tha combination of the second tubular member 3 3 and cover 
member 29 . 

Preferably* the entire insulating member is made of 
a oojitpasition of glass and mica and is formed by a molding pro- 
cess. The insulating i&emb^r is formed by hosting a mixture of 
powders of glass and mica to a sufficiently high temperature 
that tho mixture become & fluid. Once tha mixture is fluid, it 
i* pressure molded u&ing a mold of appropriate shape. The for- 
3° foation of the insulating member 35 will be descirb&d In more 
de tail.. 
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1 The f:irai: tabular Member 22 and th« Becond tubular 

member 33 are assembled to be poci Lionel n6 shown in Fig. 2 *ind 
axe th*n heated to a predetermined temperature^ The two tubular 
memburS at the elevate temperature fitted into a t % io1<3 t 

Ne-xt, a mixture of glass and mica povders in y retrod by pre- 
tftolding the mixture into the farm ei : d preliminary molded member 
of a cylindrical Bhape which *'ili in thf> gay between the 

tubular portion 23 of the fiirst txibular member 2'i and cover member 
29. The preliminary raoldad juembar is heated to a predetermined 
10 temperature it/id fitted in the cjap in a heated condition- Next, 
a pressure ia applied to the preliminary molded Member before 
it coo It; to force the material of the EK&Kbcr to i'low into Uhe 
gap between the first and second tubular members and into the 
internal annular recent il in the second tubular member 33- 

iror the material of tbo preliminary molded member, 
45 wtfc of, glaaa poster prepared by pulverising a glaze used far 
anamsl coa-fcing steel objects, commsreially available 1 as Product 
Ho. 2312 o£ Nippon Ferro, *itd. r to a eise of 200 mesh mixed with 
55 wt% of mica powder of synthetic phlogopoite of a Bisse of 
20 GO* to 200 meeh. 5 wts of water is added to the resultant roixture 
to.v*et it 3*0 .it can be Yfiolded . 1500 gin d±* the netted mixture 
is molded ufcing a oold preaaure molding process to form a cylin- 
drically shapes! body using a mold (rot. shown) ■ Tha preliminary 
molded member wafj disposed in a drier at 120 D C for two hours 
to dry it prior to its use in forming the insulating jnaember 35 ♦ 

Ab described above/ the covBr, member 29 and th& hub 
portion 25 are. joined by screw thread $ r However, the invention 
ia not limited thaxoto as the cover member 29 and the huh por- 
tion 25 can be joined by velding. 
30 in an alternate embodiment, the cap portion 27 of 
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1 the cover member 29 ia divided into font quadrants two of vbtico 
are removed, 'J?h£ flange par Lion 24 of the first tubular .roeinber 
22 if; t.ben cut vuuh that the reflkiinihrj part o£? the .DIujkju portion 
24 Cflh fit through the two rejoovod quadrants o£ the o*p portion 
27 so that the flange portion 24 can be located uncler the cap por- 
tion 27 u£ the t;ovex* member 29, 

V/i th the insnl ated P^pn Doint dowriljecS ahova, a ten- 
sile force; imposed on the ends of the joint is converted into a 
coiripreB eive force which acta between the cap portion 21 zinfl 

to flange portion ?4 T b'tnee the compression strength of the insula ting 
membeir 35 of the type described is amcli greater than it? tensile 
strenyth and since the force par unit area can be suitably set- 
by adjusting the extent of the area on which the compressive 
forces arc applied, the resulting assemblj' in guite strong and 
ah is to ^ithtftanci hitfh tsn^ilG fore as imposed on the ends of the 
joint* 

ftt high toinpcrature£, for instance 300°C, the heat 
resii-Etarvt charactorijctics of the insula ting member are primarily 
•determined by the thermal characteristics of the glass material 
7,0 use<A as the starting material. Particularly, the transition 
temperature of t'Jii.5 material is important. If the transition 



30 
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temperaurre Is, for instance, in a range of 5Sft ' C to 600 C. 
fl high mechanical strength for the overall assRiobiy will be 
preserved to a temperature of at leapt 300*C. 

Tfith inspect to the resistance to mechanical impact 
S f.orces> the mica powder which is used to form the insulating 
raerpb^r Is composed df particles having a flat shape wherein 
the ratio of the diameter to the thickness of h single scaTe 
particlo is &eneraily in n .rouge of 30 to 50:1, Due to the 
jre-soncc of the scat* particles the molded insulating member 
10 has a laminated form thereby providing It with a hifth elasticity. 
This high elasticity would not "be present if the insulating 
membui- were formed only o£ gla*s powders. Due to the laminated 
construction, the insulating membe-t: is provided with a much 
greater resistance to repeated temperature changes and mechanical 
IS impact forces then is h prior art type of iTisulnting member made 
of an inorganic compound. Therefore-, the insulates member 
produce* in accordance with the invention is suff iciontly strong 
that it can withstand the topical impact forces which arc en- 
countered during the use of the structure, 
20 *jDXt, the construction of a preferred emhodimept 

of an. electrode device of the in vent Ion utilising the above - 
rtostribed insulated pipe joint 21 will bo given vith reference 
to Fig. 3, Ref-Bi'cnce numerals 1 to 4 tised in Tig, 3 indicate 
similar components as those of Fig, 1. The ri&hthand half of 
25 Fig, 3 shows the completed structure of the insulated i>*P e j° int 
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21. As shown in the £Tgure, the insulating member 2 includes 
tKD insulated pipe joints 21, One end of the insulatiog member 
2 is connected to the pipe 1 and the other to the electrode 
3. These connect ion £ may bp muds hy vq 'J. J, -known techniques such 
as walding ox by the use of screw threads. 

A& r in accordance with the invention, the completed 
DTi5ulat.Dd pipe joint 21 has a common through-hole of constant 
internal diameter, the assembly ana use thereof is quite easy. 
For instance, the provision of the above-described partitions 
is quite simple. Of course, more than two insulated E>ip& joint.* 
21 can be provided as needed. Also, one of the pipe joints 21 
can be connected directly to the pipe 1. 

If needed, such as h the ca.$<j brimo having a high 
salt concentration is nsed 7 the outer surface of the insulated 
pipe Joint 21 can be covered with a coating 41 of an organic 
substance* having a sufficiently high heat resistant property. 
This is shown in the IcfthaTid puxt of Pifc. S. Fox example, the 
coating 41 can be formed by shrink fitting a "Teflon M tube. 

Aji daicribDd above*, in accordance with tho Invention, 
tho ^lipes and tha electrodes arc Connected through, the insula tod 
pipe joints. Tensile forces applied at the ends of th-e insulat- 
ed pipe joints are converted into compression .forces vhich act 
between the cap portions and the flange portions thereof. Since 
tbc compression strength of tho insulating member is much greater 
than the tensile strength thereof, the overall electrode device 
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Of the invention has k [>uite high mechjirAical Strength and can 
withstand high pressures and strong mechanical impact forces 
so that it can be used under severe operating conditions often 
encountered in oil well application. 

$ Yet furt]icT> the coating 41 and the insulating members 

* 2 and 11 of the electrode can be formed from other materials* 
To determine what materials are best for these members, tests 
were conducted to investigate the resistance of various organic 
polymeric compounds to hot w&cer and water vapor at high teenpoTa.ture 

10 and under high pressure- The compounds investigated are listed in 
Table l herein* 

Regarding the tests, test pieces of oath of the materials 
were placed in quartz test tubes filled with puru water. These 
test tubes were placed in a 2-liter autoclave containing pure 

15 water. The autoclave was held at 2S0*C at an internal pressure 
o£ 6fi kg/cm 2 for a period of 10 days. The autoclave- was then 
cooled to a room temperature and the test pieces vexc checked for 
appearance. The results are presented in Table 2 from which it 
can be seen that hot water and steam had a much more adverse affect 

20 than dry heat. Of the materials testDd* only polytetraf luoroeth/lene 
resin and diphenyi oxide resin ware acceptable. 

A coating of vater. and steam resistant resin can bo 
formed, around the pipe 1 by repeatedly applying coatings of the 
materia 1. end baking the assembly until the desired thickness is 
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obtained. Also, a coating of the heat Tesistant revsn car* be 
foniied by first pretax i»g a tube of tho resin having an Inside 
diameter slightly larger than the outside diameter oH tho pipe 
l:.and then slipping the tube over the pipe 1, If the resin 
S is in th* form of a shoot or tape, it may be wound directly around 
the pipe 1 and th&n fusion -bonded if necessary. As described 
above, a he-fit --shrink able tube of polytetraf luoro ethyl one can 
be slipped over the pipe 1 and heated to fit it tightly to the pipe. 
As discussed above, whet* the assembly including 
10 electrode is inserted into the oil wU, there is univoitfablo 
cbritact .with the inner wall of the v/ell so that the heat 
resistant Insulating coating may be damaged- To prevent this, 
protectivB coating of insulation 16 may be formed around the 
insulation IS as shown in Pig. 5. Since the protective coating 
XS of insulation 16 may melt or collapse if the electrode is 

exposed to high temperatures, it can be made of an inexpensive 
material such as polyethylene, polypropylene or polyvinyl chWde. 

Typically, the total length of the- guide pipe 1 is 
200 to $00 m. However, a single section of the steel pipe that 
20 makes up the fuide pipe 1 is only about 10 m tn length. To join 
the pipe sections, each pip© section i* provided with a taper 
thread on one end and the pipe sections are joined by screwing ■ 
them together. An insulating coating must also be formed around 
the joined parts of the pipe sections and on the surface of the 
25 coupling. To accomplish this, as shown in Fig, 6, steel pipes 
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1A and IB are covered with the coating of heat assistant insulat- 
ing material ISA and 15H and arc joined by a coupling IV. A 
coating of heat -resistant insulation 15C is formed aTound the 
coupling extending into adjacent areas, A heaL-shrinJcable tube 
£ of a pDlytetrafluoroethylfrne is particularly suitable in this 

case. 

To protect the insulating coatings from direct contact 
with the inner wa2l of the well, steel pipe sections IA and IB 
covered with the coating of hoat resistant insula ting material 
* n 15A and 15 B and protective coatings of insulation 16A ana 16B 

are flTst joined through the coupling 17 , Thereafter > the coupling 
16 is coated ttith the htsat resistant insulation 15C and then a . 
layer of 16C if formed around the coupling and in the adjacent 
areas as shown in fig, 7. 



- 19 - 



1A and IB are covered with the coaUug of heat assistant insulat- 
ing material ISA and I5R and arc joined by* a coupling 17. A 
coating of heat -resistant insulation 15C is formed aTDunrf the 
coupling extending iuto adjacent areas, A heal- shrink able tube 
of a -pDlytetrafiuoroethyleue is particularly suitable in this 

To protect tht3 insula ting coatings from dixwt contact 
with the inner wall of the well* steel pipe sections IA and IB 
covered with the coating of heat resistant insulating material 
ISA and 1SB and protective costings of insulation 16A and 16B 
are first joined through the coupling 17, Thereafter „ the coupling 
16 is coated with the ht>at resistant insulation 15C and then a . 
layer of 16C if fonned around the coupling and in the adjacent 
areas as showi in Fig, 7. 
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Table 2 



Sampl e A ppearance 

A OK. 

B TuTJied into a Iranp. 

C Po, 

D ' Collapsed 
El 

B2 Dd - 

F Do* 

G ' Turned into a lump. 

H Glass whitened 

(Resin came 3J]btO 

t Do, 

J Do. 



WHAT IS C LA I Mi I) tS: 

1. An electrode device for electrically heating under- 
ground deposits of hydrocarbons comprising: a plurality of wl>11 
pipe sections; an electrode adapted to ho disposed in hti under- 
ground deposit of hydro carbons for -supplying an electric current 

5 to said underground deposit; a plurality of insulated pipe joints; 
each including a first tubular member having a flange portion 
at one end thereof, a second tubular member having a cap -portion 
at cine end thereof adapted to be received in said flange portion 
of said first tubular member with a thumbed: wo on, and an 

10 insulating member diapered in said gap between said fl an ge, por- 
tion and said cap portion for hermetically coupling said i'irst 
and second tubular momher and for electrically insulating said 
first and second tubular members from one another, said insulated 
pipe Joints being operatively disposed l*o couple at loast some 

IS of said pipe sections and said electrode rfhile electrically 
insulating said at least some of said pipe suctions and said 
electrode;, and a cable connected to said eiectrode for supplying 
an electric current to said electrode* 

2. Trie electrode device as set forth in claim 1 wherein 
at least some of said insulated pipe joints are inccrcortnectud. 

3. the electrode device as set forth in elaim 1 K'hei'Diit 
said insulating member of each .of said insulated pipo joints 
comprises a first insulating portion disposed in said gap between 
said flange portion and said cap portion, and second insulating 
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portions disposed adjacent inner and outer surfaces of said 
tubular members > said first and second insulating portions 
being formed integrally with each other. 

4. Tlio electrode device as set forth in claim 1 wherein 

said insulating member gf aacb of said insulated pipe joints 
is made of a glass- -mien molding forced <Vom glass sxvd mica 

Tho electrode device as set fgi-th in claim 1 further 
comprising an insulating coat in j? profited op at least a portion 
gf an outer surface of said insulated pipe joints. 

6. The electrode device hs sec forth in claim 5.- wherein 
said insul&tin$ coating is-polytetrafluorDctbj'lQne , 

7, The electrode device as set forth in clatjn 6 whe-ryin 
said insulating coating comprises a resin of thermally slirinkable 
polyte-trafluoroet hy 1 e n e . 

r. The electrode device as set forth in claim 5 v^hoxoin 

said insulating coating comprises a resin of dipbsnyl o*ide. 

9, n ke electrode device as set forth in any of claims 5-7 
further comprising a protective layer of insulation .upon (it : -■ 
least a portion of said insulating coating. 

10. the tilcctrode device as set forth in any of claims B-7 
fuxthev comprising a protective layer of insulation upon at 
least a portion of said insulating coating, said layer of 
protective insulation comprising a material selected from the 
group consisting of polyethylene, polyproftyl ene and polyvinyl chloride. 
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IK An cl ftnt-rodct dov.w:R for oloetxically beutiny* under- 

ground deposits o£ hydrocarbons compric^ng a plurality oX inter- 
connected rail pipe Becl.ionB, an elootrode adapted to bo <3jBpoBed 
in an underground depnHit of hydrocarbons supplying electric 
currcriL to said underground deposit, at least una insulated pipe 
joint including d first tubular member comprised of a well pipe 
section having a flamjc portion at one Gild thereof, u second tubu- 
lar niEnibtir comprised oJ; said electrode dj.:?pofled in alignment 
with said ±irst tubular member, a coyer member carried by caf.d 
Eftcond tubular fiicambcar bavinci a cup portion at one end thareoi 
dippo^ed in overlying relation to emia flange .portion above said 
first tubulEtr roOtob&r wt.th a gap therebetween, an insulating member 
disposed in bald gap between said fl&ngo portion and £?&ld cap 
portion for? hermetically coupling said first and second tubular 
member and for electrically insulating said first and second 
tubular members from one another, cable means connacted to said 
electrode for supplying an electric current to aald electrode and! 
an Insulating coating provided on cit least an outer surface of 
j;aid ineulating pipe :foint« 




